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Radiative Flux Assessment Overview

 Purposes:

— Assess our current understanding and capability to

» derive TOA and surface radiative fluxes from analysis of satellite
observations

» validate these fluxes with surface observations
» simulate these fluxes with models and assimilation
— Assess uncertainties and outstanding issues in flux estimation,
particularly long-term variability

« sources include satellite calibration, input data sources, and
assumptions (particularly in regards to spatial and temporal gap filling)

 Compare surface fluxes to surface based measurements
* intercompare existing data products
 identify largest uncertainties and needs

— Report methods and uncertainties to be useful for future IPCC
reports on long-term data uncertainty.

— Develop climate system observation requirements for radiative

fluxes and compare to current product accuracies.
— Assess GCM and reanalysis products.
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GEWEX RFA Activities to Date

1st Workshop held (Oct. 2004 - Zurich, Switzerland)
— Discussed issues & developed pieces of draft document
— Assigned TOA and surface groups

Draft Document Outline
— Proposed intercomparison activities

2nd Workshop held (Feb. 2006 - Williamsburg, VA)

— Refined document outline & surface/TOA actions and goals
— Assigned authors

Web Site (Rel. 1.2) Now Operational

— Includes document framework
— Datasets ingested and ready for analysis

3rd Workshop held (June 2007 - New York City, NY)

— Results discussed

— Preliminary conclusions discussed relevant to document
Collecting and Editing Document Chapter/Sections

— Most chapters/sections submitted; editing beginning

— Work continuing for analysis/writing/assembly of report



GEWEX-RFA Site

(http:/Igewex-rfa.larc.nasa.gov/)

NATIONAL AERONAUTICS FIND IT @ NASA :
AND SPACE ADMINISTRATION R

Global Energy and Water Cycle Experiment

e T o T |

New: Reference list *
INTRODUCTION

The ultimate goal of the Global Energy and Water Cycle Experiment (GEWEX) global data analysis projects is
to obtain observations of the elements of the global energy and water cycle with sufficient detail and accuracy
to diagnose the causes of recent climate variations in terms of the energy and water exchanges among the
main climate components (atmosphere, ocean, land, cryosphere, biosphere).

The GEWEX-Radiative Flux Assessment (RFA) project will provide a forum for consistent analysis of
long-term radiative flux products, primarily top-of-atmosphere (TOA) and surface fluxes, to establish a
foundation for better global radiation budget analysis.

Read more »



Data Access Web Page
(http://eosweb.larc.nasa.gov/GEWEX-RFA/)

{ ATMOSPHERIC GEWEX Radiative Flux

DA CenTeR Assessment

NOTICE: Our systems recently underwent significant changes. Please report any problems you encounter
to larc@eos.nasa.gov.

The ultimate goal of the Global Energy and Water Cycle Experiment (GEWEX) global data analysis projects is to obtain
observations of the elements of the global energy and water cycle with sufficient detail and accuracy to diagnose the
causes of recent climate variations in terms of the energy and water exchanges among the main climate components
(atmosphere, ocean, land, cryosphere, biosphere). The GEWEX Radiative Flux Assessment (RFA) project will provide a
forum for consistent analysis of long-term radiative flux products, primarily top-of-atmosphere (TOA) and surface fluxes,
to establish a foundation for better global radiation budget analysis.

Data access is restricted to assessment participants until the data are made publicly available (currently
anticipated to be May 2007). To access the interim data you need an ASDC user account and approval from the LaRC
GEWEX-RFA organizing committee. Join the assessment team.

GEWEX-RFA Home Page | Data Provider Instructions | File Conventions | List of Participants
Top of Atmosphere (TOA) Data Products Surface Data Products Ground-Based Measurements

» Maps o Maps « Time Series

e Time Series e Time Series « Chuck Long's Derived Parameters
(RFA FTP site)

« Hovmoller Diagrams « Hovmoller Diagrams

» High Time/Space Resolution » High Time/Space Resolution

Note: The data files provided here are subsets of larger data sets. Links to the full data archive for each product can be
found in the corresponding product description files.
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The GEWEX-RFA data products should not be used in publications while the assessment is underway. After the
assessment has been completed, when data from the GEWEX Radiative Flux Assessment are used in a publication, we
request the following acknowledgment be included: " The GEWEX Radiative Flux Assessment data were obtained from
the NASA Langley Research Center Atmospheric Science Data Center" |n addition, the provider of each data set used
should be specifically acknowledged. See the product description file(s) for details.

View Cart| ASDC Home Page | Join GEWEX-RFA News List | Questions/Feedback

Responsible NASA Official: John M. Kusterer

Site Administration/Help: NASA Langley ASDC User Services (larc @eos.nasa.qgov)
[Privacy Policy and Important Notices]
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GEWEX-RFA Data Archive

To date, data have been submitted from:

— ASRB (Swiss surface radiation measurements)

— U. Oregon Surface Sites (>20 years)

— BSRN (Baseline Surface Radiation Network)

— CAVE (CERES-ARM Validation Experiment web site)

Also non-standard surface data from Chuck Long.

— CERES (ERBE-like, SRBAVG, SRBAVG-GEO and EBAF)
— DLRISIS (ISCCP based SW TOA and Surface fluxes)

— ERBE (ERBES - TOA SW, LW and Net Fluxes)

— FORTH (TOA, Surface SW, LW from ISCCP D1)

— HIRS IR (OLR only)

— ISCCP-FD (TOA, Surface, SW and LW fluxes)

— ScaRaB (TOA SW and LW fluxes)

— NASA/GEWEX SRB (ISCCP TOA, Surface SW and LW fluxes)
— U. Maryland SRB (Z. Li and R. Pinker - ISCCP/MODIS SW)
— GFDL CM 2.1 (Surface, SW and LW fluxes)

— NCEP R2 and ERA-40 (TOA, Surface, SW and LW fluxes)

— AR4 models runs for IPCC @/



GEWEX-RFA Results To Date

Smith et al., 2006: ERB calibration intercomparison
Raschke et al., 2006, GRL: SRB, ISCCP TOA comparison

Zhang et al., 2006a,b: Near-surface meteorological and radiative
properties

Wong et al, 2006 => ERBE, HIRS, ISSCP-FD time series

Loeb et al. (JClim, 2007): CERES/Terra vs. ISCCP-FD, CERES/

Terra vs. SeaWiFS PAR, and CERES/Terra vs. CERES/Aqua;
CERES EBAF (Loeb et al., 2008)

SRB/CERES/ISCCP teams: Various intercomparisons

Roesch et al. (not published): Sensitivity of monthly averages to
treatment of data gaps

Hinkelman et al.: Preliminary time series analysis
Freidenreich: GFDL model results vs. ISCCP-FD/SRB
Schaaf: Surface albedo studies

Kinne and Raschke: comparisons to AMIP runs;

e



GEWEX-RFA Draft Report Website

’ No. ‘ Section ‘ Responsible Author ‘ Report Status ‘ D;:::zzt
1.0 [Executive Summary ] Assessment leads Atend
2.0 [Introduction [Chapter Lead: Rossow |
AL Rossow (with Wielicki, Stackhouse,
‘2.1 Assessment Cbjectives Raschke, Ohmura) _
|2.2 ]Observation System Requirements [Rossow (with Wielicki/Stackhouse) _
30 [Incoming Solar Radiation at TOA [Chapter Leads: Raschke with Kopp
[4.0 lLorg-Term TOA Flux Data Product Comparisons IChapter Leads: Wielicki and Rossow I
4.1 [Spatial Climatological Averages (Maps) [Wong |
|4.1.1 |Long-Term Averages [Wong [Draft
|4.I 2 ILorg-Term Seasonal Averages ]Worg _
4.2 [Temporal Variability |Hinkelman |
Monthly Time Series Variability: Global .
. Land/Ocean, Zonal Land/Ocean ivong & Hinkelnen
iabilit | I h
s22  [pInual Oyl Varabiky: Gloal LandlOcean, oy g pikoiman orat
) : - . Rossow (ISCCP), Rutan (CERES),

423 Time Series at Selected Surface Sites Stackhouse (SRB)

43 ?nq%hJwa;g:]S&ace Resolution Comparisons: June Richard Bantges Draft
44 [Error Budget at Varying Time and Space Scales [Loeb [Dratt

50 é%?p;eﬁrsn; qlr;;‘-Snu Surface Flux Data Product Chapter leads: Dutton
|5.1 |Measuremem Uncertainty Estimates IDunor IE:uft

52 Summary of In Situ Surface Flux Derived Lon Draft

’ Products 9 o

Wild
53 Long-Term Surface In Situ Time Series Analysis |Liepert, Wild(?) Partial Draft (Ohmura,
solar irradiance)
54 Surface in-situ measurement needs and issues  |Rutan, Dutton

[ [

Listing of all sections
Name of each section
Responsible authors
Status of each section

Color coded for easy
reading

Archive of all old draft
versions



RFEA Report Status

Section Title Responsible Author(s) Status

1.0 Executive Summary TBD Last

2.0 Introduction Rossow Last

3.0 Incoming Solar Irradiance Raschke and Kopp V2 Draft

4.0 Long-Term TOA Flux Data Product | Wong and Rossow 6 of 9 draft
Comparisons sections

5.0 Long-Term In-Situ Surface Flux Dutton, Long 4 of 4 draft
Data Product Comparisons sections

6.0 Long-Term Satellite Based Surface | Stackhouse, Wild and Ohmura 5 of 9 draft
Flux Product Comparisons sections

7.0 Satellite-Estimate Surface vs. In- Wild 3 of 3 draft
Situ Measurement Comparisons sections

8.0 Vertical Column Flux Divergence Raschke Draft

9.0 Global Radiation Budget Diagram Loeb Draft 100%

10.0 Global Model Comparisons Raschke, Kinne, Friedenreich 16 of 30 draft

sections
A Data Sets and Uncertainties Pinker and Dutton 16 of 30 draft
sections

B Radiative Transfer Model Kato Draft
Comparisons

C Contributed Papers Various 4 drafts

D Lessons Learned Co-Chairs draft




Radiative Flux Assessment Next Steps

Data Analysis
Continue analysis of submitted datasets for TOA and Surface
fluxes to complete sections
e Continue evaluation of ingested datasets against surface site
data; cross comparisons; different time and space scales - long-
time scales emphasized
e Collection, posting, discussion of analysis results
Assembly of Radiative Flux Assessment Draft
 Raschke visited LaRC (9/23 — 10/3)
e Request participant results and analysis for posting
e Chapter leads; coordinate analysis; assemble chapters with
submitted results
 Begin cross editing assignments

Collaborative draft assessment document (Jan, 2010)
Final document (to follow, 3-4 months?) - meetings and/or
teleconferences to be scheduled



43 Baseline Surface Radiation Network (BSRN) Sites with Data Starting from 1992
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GEWEX-RFA-ISCCP-FD-Ed000-010 in Comparison with BSRN Data
for All BSRN Sites from 1992-01 to 2004-12
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Statistics of GEWEX RFA Satellite Data Comparison

Data Set

with BSRN Data

Bias (Wm2)

RMS (Wm)

Sat_DLR_ISIS_Ed001 -1.9211 15.7730 0.9859 15.6596 1978
Sat_FORTH_EdO1a -14.1678 24.2317 0.9703 19.6637 1811
Sat_GEWEX_SRBGSW_Ed281 -7.2823 20.7451 0.9771 19.4299 1978
Sat_GEWEX_SRBQSW_Ed025 -0.7686 16.8880 0.9830 16.8747 1978
Sat_ISCCP_FD_Ed000_010 -1.5877 16.5076 0.9842 16.4352 1978
Sat_UMD_SRB_Ed033 7.6642 21.6148 0.9791 20.2155 1978
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GEWEX-RFA-ECMWF-ERA40-Ed001 in Comparison with BSRN Data
for All BSRN Sites from 1992-01 to 1999-12

400 - - - .
| |Statistics: Global, 60° Poleward, 60° Equatorward
| [Blas= -1.9805 0.7961 -2.7198 (W m'z)
RMS = 17.1327 9.2156 18.6835 (W m'2) r
350 p= 0.9842 0.9960 0.9713
| |o= 17.0311 9.2153 18.5027 (W m'z) Y
[ |1igeqy = 166.2242 68.0857 192.3558 (W m™?) oo
L |Hepg = 164.2437 68.8818 189.6360 (W m'z) o Sl %
300 N = §42 135 ) 507 —O‘ﬁv —
= 5 RNl o
) Monthly Mean . Lo 1
£ s Rty
= 250 DIR+DIF ;g
= - LAt
= 00 - }-‘ Ak
- . T ‘c-' .
g L . .-'3:,‘ 3 ¥ o
E . ',“. % . .
2 150 f s dd e T,
< : crema Ll
[T o > Ca L]
= o Y00 L.
I .‘.3'§.°
100 CnEed
i .-.;’-‘--'.' -
i P X . Data: 60°S Southward
50 g . Data:60°N Northward
Y - . Data: 60° Equatorward
- = | 45° Line
o‘ll IR BN B S SRR R
0 50 100 150 200 250 300 350 400
BSRN SWDW (W m?)
2009-07-28

ECMWF-ERA40-Ed001

Histogram of GEWEX-RFA-ECMWF-ERA40-Ed001-BSRN SWDW Differences

from 1992-01 to 1999-12

240

220 |~

Monihiy Mean
BSRN DIR+DIF

200

180

160

140

120

Sub N

100

80

IRERS LERNS LEARS LARRN LI

60

40 F

20

0

100

2009-07-28

100



Statistics of GEWEX RFA Reanalysis Data Comparison

Data Set

with BSRN Data

Bias (Wm2)

RMS (Wm2)

Rea_ECMWF_ERA40_Ed001 -1.9805 17.1327 0.9842 17.0311 642
Rea_GFDLCM2.1_Ed001 -10.8181 26.5905 0.9672 24.3093 642
Rea_IPCC_AVERAGE_EdAR4 -16.3822 25.2508 0.9810 19.2302 642
Rea_IPCC_MEDIAN_EdAR4 0.3034 19.4605 0.9806 19.4733 642
Rea_NCEP_DOE_R2_Ed002 19.1322 33.9217 0.9631 28.0333 642
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GEWEX RFA-BSRN Monthly Mean Shortwave Satellite Data Compatrison

50 30
:_ [ ] — 28
40 Sat(lslllte -
g - 26
30 - -
- - 24
20 | - 22
10 A 20
— E s | : / '
o - ' < \
IE O - ’ “1L *f« ‘J . ' ‘ N " ; 18
- ' 4 | "B ‘ B\ / \
. | AN A A TV INAY Y 16
; '10 i . q' f ‘l "
S’ : A '
g ol 14
i3] s 112
-30 F -1 10
40 F - 18
- , N
- I e DLR-ISIS-EA001 -6
-50 i ———— FORTH-Ed01a R
. GEWEX-SRBGSW-Ed281 4
- —— GEWEX-SRBQSW-Ed025 |
-60 . |SCCPOFE-Ed000-010
- e UMD-SRB-Ed033 -2
_7 1lllllll_l_ll llllllll!l lllllllllIllllllllllllllllllllllllllllIllllllllllllll_
?992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 200

2009-09-10

Year




GEWEX RFA-BSRN Monthly Mean Shortwave Satellite Data Compatrison
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12 Baseline Surface Radiation Network (BSRN) Sites with Nearly Continuous
Records Since 1995
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40 GEWEX RFA-BSRN SW Monthly Mean Deseasonalized Ensemble Average Comparison
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GEWEX RFA-BSRN SW Monthly Mean Deseasonalized Ensemble Average Comparison
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GEWEX RFA-BSRN SW Monthly Mean Deseasonalized Ensemble Average Comparison
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Statistics of GEWEX-RFA Ensemble Average

Validation against the BSRN Data
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RFA-BSRN Anom(W m?)

RFA-BSRN Monthly Mean Deseasonalized Difference on A Site-by-Site Basis
from 1997-2004
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GEWEX RFA Status Summary

 Results to date

— Providing broad assessment global products relative to
surface and TOA measurements

— Comparisons showing importance of input data sets and
resulting uncertainties in flux products

 Report document update
— Document has been reorganized
— Chapters being assembled and assessed
— Editing of submitted sections has been begun
— Editing will be expanded to chapter leads and to all
participants in the next 3 months
+ Goals:
— Rough draft to participants in Jan
— Higher quality draft in April
— Sessions at EGU and AMS



Backup slides



Radiative Flux: SORCE TIM Indicates Lower TSI Value

Fundamental discovery that the
TSl is ~1361 W/m?, not 1366 W/m?

SORCE/TIM result motivated
detailed examination by NIST
and TSI community.

Kopp et al
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Annual Mean LW Fluxes
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Multi-Dataset Ensemble Mean
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Annual Global Mean TOA Budget

Mean Range

Solar In. 341.0 339.5, 341.8

LW 238.8 236.2, 240.6
SW 99.8 96.8,107.0

Net 4.4 -0.9, 8.3

CLW 266.2 263.3, 266.9
CSW 51.8 49.3, 54.3
CNet 24.9 19.9, 28.6

Data Period: 3/2000 to 10/2005



(Relative to CERES SRBAVG GEO)

GEWEX-RFA TOA Global Mean Comparison

S(I;EBREISG S(I;EBREISG EERI;EE? GE‘Q’BE ” |s|<::I§: P | ForRTH Gi‘g: ” i

GEO NonGEO like LaRC UMC
LW | 237.2 0.6 1.8 34 | 10 | 29 | NA | 25
SW | 97.9 1.1 0.9 39 | 78 | 9.1 0.0 1.6
Net | 6.5 0.5 23 | 74 | 65 | 19 | NA | 57
CLW | 264.2 2.3 2.7 39 | 09 | NJA | NA | 53
CSW | 51.6 0.0 24 | 19 | 27 | NA | NA | 08
CNet | 27.7 2.7 09 | 78 | 35 | NA | NA | 96
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Multi-data Set Comparisons

All-sky Surface SW Down

Hinkelman et al
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Multi-data Set Comparisons
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Surface Radiative Budget 2002

K&T Mean
SW Down: 198 178 — 198
SW Up: 30 21 -24
SW CRF -~ -60 — -51
LW Down: 324 341 — 346
LW Up: 390 392 — 399
LW CRF 46 25 — 36

SW albedo 0.15 0.11 -0.125

Hinkelman et al



Surface Measurement Example

BSRN Operational Measurement Quality

Uncertainty Matrix:

RMS Uncertainties for Radiative Measurements (Ohmura et al, 1998, BAMS; Michalsky et al., 1998;
Shi and Long, 2002, Dutton et al., 2001; Ells Dutton personal comm.)

1 Minute 1
1 Hour 1 Da 1 Year
Quantity (Instrument) Avg. (1 Hz ) )_,2 Month - 10 | Thermal
sampling) | (Wm*) | (Wm?) (W ni?) (W m™) | Years | Offset
(W )
LW Broadbanad 5.7 (2%) 5 3--5 | 3-5 | 3.5 | 77
(pyrgeometer)
SW Broadband Global up to
(direct+diffuse, 25+ (4-5%) 8--20 5--15 5-15 | 5--15 ?? -go y
pyranometer) °
SW Br°a(°'N'°|:';d Direct 1 5. 15(1.5%) | 1%or2 | 1%or2 |1%or2 |1%or2| 22 | -
SW Broadband Diffuse 0 0o up to
(shaded pyranometer) 5--7(3-4%) | 5--15 5--15 5-12 | 5--12 27 10
SW Broadband Total up to
(shaded pyranometer + [10--15(3.0%)| 5--15 5--15 5--12 | 5--12 ?? 10
NIP)

Challenge: Derive similar tables for each network; survey an

classify measurements (i.e., land, ocean)

-




(Model-Obs), Srandard Deviation

SW Down: Noise from Multiple Sites

Surface SW Downward Flux Samplln Noise

100

10

Surface 1x1degq G

Hourly

T lllllll I T lIIlIlI T

E13 1
SGP 12 & 19 Sites .
CAVE 44 Sites

I LI B I I |

Daily

Monthly

: {Yearly
Rutan et al
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GEWEX RFA Web Tools

Starting address: http://gewex-rfa.larc.nasa.gov/

About: Purpose, draft document

Data Access (eosweb.larc.nasa.gov/IGEWEX-RFA)

— “Data Provider Instructions” document gives step by step instructions to
prepare and submit data sets

— Data ordering currently limited to assessment participants
View Sample Data
— Limited data visualization tools (access restricted)
FTP site
— Exchange repository for talks and report writing (access restricted)

— Submit name, institution, e-mail address, and IP address to
rfa_admin@larc.nasa.gov

E-mail list(s)
— TOA and surface (some are on both)
— Submit name, institution, and e-mail address to rfa_admin@larc.nasa.gov

GEWEX-RFA Google groups
— Capability for archived discussion and document exchange



Data Availability: Live Access Server

e 06 MY NASA DATA Live Access Server )

()

\‘j v Li;_?] i\ 9 http://mynasadata.larc.nasa.gov/las/servlets/constrain?va ¥ IGI' My NASA Data

Getting Started Latest Headlines

.) Firefox prevented this site from opening a popup window. Click here for options...

Mentoring and inquirY using NASA Data on Aimospheric and earth science for Teachers and Amateurs

+ MY NASA DATA HOME + DATAACCESS + LESSON PLANS +COMPUTERTOOLS | +SCENCEFOCUS |  +GLOSSARY

single com- Datasets > Atmosphere > Atmospheric Radiation
dalta pare Variable(s): Pinker All-Sky Downward Shortwave Monthly Surface Irradiance (SRB)
se (o]
Select Datasets Select your desired view (geometry of output) and output (type of
. product). Helo
Show Variables Then set the 4-D region (lon-lat-depth-time) and any additional e
Set Constraints constraints.
View Output| | seject view: | Longitude-Latitude Map | Next >
Select output: | Shaded plot ~|
Output Options || select region: | Full Region |
Previous QOutpl Use map applet
Define variable __ e : e
About Live
Access Server
LAS Ul Version 6.4

Select time: |01 ~|[Jan ~||1985 ~||01-Jan-1985 1
v

Connecting to mynasadata.larc.nasa.gov...




GEWEX RFA Web Site

4 ATMOSPHERIC GEWEX Radiative Flux
W G Assessment

% DATA CENTER

The ultimate goal of the Global Energy and Water Cycle Experiment (GEWEX) global data analysis projects is to obtain
observations of the elements of the global energy and water cycle with sufficient detail and accuracy to diagnose the causes of
recent climate variations in terms of the energy and water exchanges among the main climate components (atmosphere, ocean,
land, cryosphere, biosphere). The GEWEX Radiative Flux Assessment (RFA) project will provide a forum for consistent analysis
of long-term radiative flux products, primarily top-of-atmosphere (TOA) and surface fluxes, to establish a foundation for better
global radiation budget analysis.

Data access is restricted to assessment participants until the data are made publicly available (currently anticipated to be
May 2007). To access the interim data you need an ASDC user account and approval from the LaRC GEWEX-RFA organizing

committee. Join the assessment team.

Assessment Activity Summary | How to Participate | File Conventions | News and Discussion | List of Participants |
Acknowledgement

Top of Atmosphere (TOA) Data Products Surface Data Products Ground-Based Measurements
e Maps e Maps e Time Series
o Time Series
* Hovmoller Diagrams * Hovmoller Diagrams
* High Time/Space Resolution * High Time/Space Resolution

Note: The data files provided here are subsets of larger data sets. Links to the full data archive for each product can be found in
the corresponding product description files.

Acknowledgement

When data from the GEWEX Radiative Flux Assessment are used in a publication, we request the following acknowledgment
be included: "The GEWEX Radiative Flux Assessment data were obtained from the NASA Langley Research Center
Atmospheric Science Data Center." In addition, the provider of each data set used should be specifically acknowledged. See the
product description file(s) for details.

View Cart | ASDC Home Page | Join GEWEX-RFA News List | Questions/Feedback

/‘ ./ Responsible NASA Official: Michelle T. Ferebee

<\9 | Site Administration/Help: NASA Langley ASDC User Services (larc @eos.nasa.gov)
‘O [Privacy Policy and Important Notices]

"N | ast Updated: Tue Apr 25 2006 11:52:54 GMT-0400 (EDT)




GEWEX RFA Web Site

- ATMOSPHERIC GEWEX Ground-based
SN Measurements: Time Series

Select categories to view and order data.
JavaScript must be enabled for optimal performance.

“ All available temporal resolutions
¢ Monthly (UTC)

 Monthly (LST)
. Monthly mean of diurnal cycle (15 minute resolution) <:|
Temporal Resolution | . Daily (UTC)

¢ Daily (LST)

¢ Hourly
<15 minute
Site |AII available sites ~|

“ All available sky conditions
Clear sky:
< Type 1 (measured)
 Type 2 (computed)
< Both
< All sky

“ All available parameters

¢ Shortwave (SW) direct (horizontal) downward flux
< SW diffuse downward flux

< SW total (direct + diffuse) downward flux
< SW hemispheric downward flux *

< SW upward flux

< SW net (total down + up) flux

< SW broadband albedo

¢ Longwave (LW) downward flux

< LW upward flux

< LW net (down + up) flux

¢ Total (SW + LW) net flux

View Files ‘ Reset |

Sky condition

Parameter

* Single instrument measurement of broadband SW downward flux including both direct and diffuse components.

Data access is currently restricted to assessment participants. Join the assessment team. All data will be made available
to the public upon completion of the assessment (anticipated date: May 2007).




Flux Assessment Draft Plan: TOA

 Provide overview of current TOA flux estimation products
including: ERBE (Scanner/Nonscanner), CERES, SCARAB, ISCCP
FD, GEWEX SRB, NOAA Pathfinder and reanalysis
* Intercompare SWup, LWup, net; all-sky and clear-sky:
— Monthly gridded product maps
— Monthly time series (global and zonal; land and ocean; Hovmeuller)
— Seasonal gridded maps of diurnal cycle
— Characterize variability at various time and space scales

» Observation products
 Model products

— Compare Meteorological Regimes and Cloud Systems
« Tropical Convection and mid-latitude stratocumulus regions defined

— Time series at selected surface sites (collaborate w/ surface)

— High Space and Time Intercomparison: GERB area, for June — July
2004

— Error budget intercomparison
 Provide web-based data portal for data producers and users

e



Flux Assessment Draft Plan: Surface

* Provide overview of surface measurements networks
— Poll existing data sets: spatial and temporal extent; calibration
— Select long and short-term datasets
— Summarize surface measurement needs and issues
* Provide overview of current surface flux estimation products
including:
— Global: GEWEX SRB, ISCCP FD, ESRB, CERES SARB and SOFA,

UMD ISCCP and MODIS based (Pinker), SWnet (Li), ERA 40, NCEP
R2, GEOS-4

— Regional: GEWEX CSE’s, Tropical Pacific (Chou), MSG (2-3), Polar
Fluxes (Key), Brazilian products, UMD GOES and ISCCP DX, SUNY-
Albany

- Satellite-surface Intercomparisons for: SW down (total, direct,
diffuse), LW down; all-sky and clear-sky
— Statistical Intercomparisons: various space and time scales
— Time series intercomparisons: variability, systematic
— Summarized satellite-surface issues

e



Flux Assessment Draft Plan: Surface

Satellite-based surface flux product intercomparisons for: SW down
(total, direct, diffuse), SW up, albedo, LW down, LW up, emissivity; all-
sky and clear-sky (for fluxes)

— Monthly gridded product maps

— Monthly time series (global and zonal; land and ocean)

— Seasonal gridded maps of diurnal cycle

— Characterize variability at various time and space scales
» Observation products
* Model products

— Compare tropical convection and mid-latitude stratocumulus regions

— Time series at selected surface sites (collaborate w/ surface)

— High space and time intercomparison: GERB area, for June — July 2004
— Error budget intercomparison

 Provide web-based data portal for data producers and users



Tropical OLR Intercomparisons
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Tropical OLR with ERBE
Adjustment
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Dutton and Long
Operational Comparison

Best | Typical | Worst

Diffuse SW 40+£14|189+29 |11.8x£3.7
Direct Normal SW |62+3.2|13.6+64|150+6.8
Downwelling LW 33+£07]|56x14|7.7+£2.2
Downwelling SW 92+40|161x75|175+7.2
Upwelling SW 11.1+28
Upwelling LW 96+3.0




Dutton and Long

No. of cases
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Full-sky SRF SW-dw (W/m?) Diurnal Cycle
Comparison: FD vs Observations

Diurnal Cycle from Monthly-hourly Mean: July, Averaged from 15 stations

FD
—=—= OBS

Zhang et al

2 4 6 8 10 12 14 16 18 20 22
Local Solar Time (hr)




Full-sky SRF SW-up (W/m?) Diurnal Cycle
Comparison: FD vs Observations

Diurnal Cycle from Monthly-hourly Mean: July, Averaged from 15 stations

. FD
180 | |——= OBS

160 Zhang et al
450

0 2 4 6 8 10 12 14 16 18 20 22
Local Solar Time (hr)
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Cloud Fraction vs Direct/Diffuse Ratio : SOB (SW derived)
From 15 BEST Stations Selected from BSRN, ARM and
SURFRAD

Ratio of Direct to Diffuse at 3-hr-mean Local Solar Noon
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Located to 15 BEST Stations Selected from BSRN, ARM and

Cloud Fraction vs Direct/Diffuse Ratio: FD cell-mean
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Seasonal Cycle Comparisons
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ISCCP Cloud Cover Trend

P2

~J
fen]

CLOUD AMOUNT [%]
(=)} (o2}
{93] (4]

64 |

1983 1999 N 1_9?57 » 2000 Evanet al.,, GRL, 2007  -2.0 -0.3 0.4 1.6 28 4.0
[IME [YEARS] REGRESSION COEFFICIENT

Possible causes:

Addition/movement of geo. satellites
View zenith angle patterns of satellites
NOAA16 calibration problem

Q: How does this affect radiation products?

Hinkelman et al a



ISCCP Cloud Cover Artifact?

Global Mean Anomaly

ISCCP global cloud anomaly 198307-200506
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Local Correlation to Mean
SRB v. 2.8 ASWDN at surface vs. clouds, 198307-200406
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ISCCP Cloud Cover Artifact?

Global Mean Anomaly Local Correlation to Mean
4 ISCCP' global cloyd anomaly 198307-2:00506 ISCCP ASWDN at surface vs. clouds, 198307-200406
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Flux (Wm)

Global “Dimming” and “Brightening”

ASWDN, global, monthly, 198307-200406
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Are these trends significant?
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Kimeetal  SRB, ISCCP Comparisons
SRB - ISCCP

e down
all-sky

e cloud-
effect
down

[EEEmsw= ] e (e | |

—-160.0 —80,00 0.0000 80.00

« SRB sol CE is less neg than ISCCP by 2W/m2 (opt. thinner clds)
« SRB IR CE is larger than ISCCP by 5W/m2 (lower altitude clds)



Cloud Effect (CE) Comparlsons

+ ISCCP

- SRB

« IPCC

o off-line
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Kinne et al Summary

o differences in SRB-ISCCP surface dn flux

products are smaller in solar than IR
 alt. positioning and microphysics seem inconsist.

« SRB-ISCCP CE differences are smaller than
potential uncertainties introduced by cloud
climatology differences / implementations

« |IPCC CE differences from 20 different global
model are ~ 3 times larger than the climatology /
implementation differences



No solar “brightening” in ISCCP data?
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Doas CEHES Mot Madizaion Indicaiz plavw Ocazr) Cooling?
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TOA Time Series Intercomparison
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SW TOA Flux Intercomparison

(Row - Column; Bold direct comparison; remainder inferred;
Fluxes normalized relative to 240 W m-2)

ERBS ERBS ScaRaB | CERES | ScaRaB | CERES | CERES | CERES | CERES
Sc NS 1 TRMM 2 FM-1 FM-2 FM-3 FM-4

ERBS Sc \\ 5.4 | 45 -1.8 -5.2 2.0 -1.7 | -12

\\\ Mean
ERBSNS || 03 \ 09 | 36 | 02 | 34 | 37 | a3 | 42 .

AN Differ
ScaRaB 1 05 | 04 \\ 2.7 0.7 25 | 28 34 | 33 ences
\\
CERES/ 09 | 09 | 10 \ 34 | 02 | 01 09 | 06 /
TRMM N o
ScaRaB2 || 1.7 | 1.7 1.7 1.4 \\\ 32 | 35 | 41 | 40
\\

CERES 12 | 11 12 | 07 | 16 N 03 | 09 |08
FM-1 \
CERES 13 | 12 13 | 09 16 | 0.5 N-NJ 06 |05
FM-2 N
— RN
CERES 12 | 12 12 | 07 1.6 02 | 05 | -0.1
FM-3 \\
CERES 12 | LI 12 | 07 16 4 0.1 | 05 | 0.2 \
FM-4 f \

e—
Standard Deviations  (smith ez al., 2006) @



Radiative Anomalies (Wm")

TOA Deseasonalized Anomalies

SRB — ERBS/NS SW
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Courtesy Takmeng Wong, NASA LaRC
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All-sky TOA SW Rev1 Flux (W/m?)

Difference (W/m®)

Global Monthly Averaged Time Series

(courtesy Dave Doelling, CERES Team)

All-sky TOA SW Rev1
Global (90N-90S)

All-sky TOA SW Rev1 Flux (W/mr)

Deseasonalized All-sky TOA SW Rev1
Mar ‘00 - Feb ‘04

Difference (W/m®)
(=}

N Jul M D Al A D S
20%\6 20161 20%& 20%02 2011& 20’())51 20%04 20%% ';E)u(ﬂ) 2%%1)1 2A[)lfﬂ 2F0%% 2;}]%& ZFO%% 2A0[fg3 2J(%14
All-sky TOA SW Revi Difference Avg
nonGEQ 96.3 nonGEOQ - GEQO ~—— -1.0
GEQO —— 97.3
SRB ——— 101.2 SRB-GEQ —— 37
ERBE_lke ——— 97.9 ERBE_lke -GEO —+ 0.6
NCEP —— 116.7 NCEP - GEQ —— 194
ECMWF ———  107.0 ECMWF - GEO — 98
GEQS4 ——— 91.6 GEQS4 -GEQ  ——— -5.7
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All-sky TOA LW Flux (W/m?)
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Difference (W/m®)
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Global Monthly Averaged Time Series

(courtesy Dave Doelling, CERES Team)
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All-sky TOA Net Rev1 Flux (W/nT)

Difference (W/m")

Global Monthly Averaged Time Series

(courtesy Dave Doelling, CERES Team)

All-sky TOA Net Rev1
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CERES TOA Flux Errors

Global Zonal 1 deg region 20km fov
Interannual Eqtr - Pole Monthly Instantaneous
Cld Rad Fcing | Gradient (1 o) (1 o)
Trend/decade Monthly (S, =1000)
Dominant Calibration Angle Calibration Angle
Error Sources Stability Sampling Time Sampling
Twilight Sampling
TOA SW Flux 0.3 Wm- 3.5 Wm- 3.0 Wm- 10 Wm-2
Terra Rev1
TOA LW Flux 0.5 Wm- 2.0 Wm- 1.5 Wm-2 5 Wm-
Terra Rev1
TOA Net Flux 0.6 Wm-2 4.0 Wm-2 3.5 Wm- 11 Wm-2
Terra Rev1
Science Rgmt 0.15 Wm-2 1-3Wm>2 2 - 5Wm-2 10 Wm~2
25% feedback
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ARM/BSRN/CMDL/Surfrad Surface
Radiation Sites




Std. Dev. (CERES - Surface) Down SW Flux
at Terra Overpasses W/im*2

Surface SW Flux Validation Noise
Spatial mismatch of surface point to
satellite area

100.0 o
Average Surface Insolation at Terra Overpass ~ 500 W/m* 2
Satellite = CERES 20 km FOV within 10km of Surface Site
Surface Site = 15 minute average of surface insolation
Divide by ~ 2.5 to scale to 24-hour mean SW flux values
10.0 |
Observed All-sky SW
Observed
Clear-sky SW
1.0 | Predicted Clear-sky SW
1 SGP Site 1 SGP Site
1 month, All-sky 12 month, All-sky 40 Global Sites
12 month, All-sky (14,000 overpasses)
01 ' |
1 10 100 1000

Square Root (N = Samples) @



CERES CRS Surface Flux Anomalies
vs Surface Radiometers

Downward All-Sky SW Flux (W/m*2)

Surface All-sky SW Downward Flux CERES vs Surface

Observations (40 surface sites: ARM/BSRN/Surfrad/CMDL)
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Surface Downward Flux Errors: 20 - 40
Surface Sites

Global SYN/AVG ( ) SRBAVG CRS 20km fov
Interannual Month, 1-deg Month, 1-deg | Instantaneous
Cld Rad Fcing Bias, Clir/All Bias All 1 o, CIr/All Sky
Variability (1 o) (10) (S, =900)
Dominant TBD Aerosol, Tair, Aerosol, Tair,| Angle Samp,
Error Sources Polar sfc/cld Param. Site | \Water Vapor
Site Inhom. Inhom. Aerosol, Tair
Surface Down 0.5 Wm-2 0/+5Wm-2 3 Wm-2 23 /20 Wm-2
SW Flux (40 sites) (o = 6) (o = 20)
Surface Down 1.0 Wm-2 -7 [ -6 Wm-2 <1 Wm-2 12 / 17 Wm-2
LW Flux (40 Sites) (o = 8) (0 =10)
Surface Down 1.1 Wm-2 -7 [ -1 Wm-2 4 Wm-2 26 / 26 Wm2
Total Net Flux (40 Sites) (0=9) (o = 22)
Science Rgmt TBD < 5-10 Wm-2 < 5-10 Wm-2 <25 Wm-2
BSRN Acc. TBD 5SW?,10 LW? | 5SW,10LW | 15SW, 10 LW
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GEWEX-RFA Sample Results:
Global Annual Average

SW+LW NET FLUX AT SFC; CLR—SKY; ANNUAL SW+LW NET FLUX AT SFC; ALL—SKY; ANNUAL
GCM HISTORICAL RUN GCM HISTORICAL RUN
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GEBA Data for 7/83-6/03

(courtesy Hans Gilgen, Atsumu Ohmura, Martin Wild)

121 GEBA Sites with Monthly Means of SWDW Fluxes with Gaps .LE. 24 Months

a0
- ———— - b
75 ;§§§F’ ‘;EE"' g e E?j;gv —
- S-S R D
= =T
- T I g
— I
SO
Q
g 30 p=-
= -
“ —
fg 15 ="
S 7
"
-15 | t
_30 | | dl | | | | |
-30 0 30 60 a0 120 150 180

Longitude (°)
B

100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
Number of Months with Valid Data (Month)




19-year Trends from GEBA and SRB Data

Fitted slope 95% Confidence Interval 95% Sig. Time
GEBA data -0.952 [ -2.479, 0.575] 35.2 36.3
Matched SRB data -0.395 [ -1.956, 1.166] 35.7 66.3
SRB at GEBA sites 0.671 [ -0.466, 1.808] 28.9 37.7
SRB global mean 0.671 [ -0.076, 1.419] 21.9 28.5

Notes:
« Slopes and confidence intervals in Wm-2/decade.

* First sampling time for 95% significance assumes a trend of 1.0 Wm-2/
decade. Second is for actual detected trend. Values given in years.

 Zero within every confidence level
» Confidence interval decreases with increasing samples

» Confidence tends toward more positive with increasing sample @



